creased the number of new chemicals whose physiological effects must be reckoned with. Thus, the armamentarium of the dermatologist has been considerably strengthened by the addition of numerous synthetic products, the so-called surface active agents (1) . It is the purpose of this review to describe the chemical type and classification of these synthetic organic products, and to give some examples of their use in the compounding and administration of therapeutic agents.
I. CHEMICAL TYPES
Although the terms "wetting agent" and "synthetic detergent" have been used almost synonymously to describe the synthetic organic products used for wetting, penetrating, emulsifying, dispersing, solubilizing, foaming and washing, it is convenient to call such products generally "surface active agents." Some uses, such as detergency, may require wetting and penetrating power to wet a soiled surface, solubilizing power to dissolve oils or greases, dispersing and suspending power to hold insoluble particles and prevent redeposition, and foaming ability for the sake of appearances. Other uses may require only a simpie wetting action. Whereas good detergents usually have good wetting powers, some excellent wetting agents are poor detergents, and some good emulsifiers are indifferent wetting agents.
Foaming agents make possible a temporarily stable mixture of air with a liquid. Emulsifiers stabilize the dispersion of a liquid within a liquid, making possible emulsion creams or ointments of oil and water which spread readily in a thin continuous layer on clean or oily skin (2) . In many cases the same surface active agent may be used for several different purposes.
The surface active agents have the general property of lowering surface or interfacial tension of liquids, an effect which may be measured quantitatively in artificially purified systems. In practice, the correlation between the behavior of surface active materials in purified systems and in the complex lipoidaqueous systems of the body is by no means good, and surface-tension lowering is not a reliable criterion of effectiveness.
In a practical sense, these surface-active agents function by promoting contact, mingling, or wetting, between two ordinarily incompatible materials, such as oil and water. This effect is achieved by combining, in the molecule of a surface-active agent, a water-seeking or hydrophilic portion, and an oil-seeking lipophilic, or hydrophobic portion. Roughly speaking, one part of the molecule dissolves in the oil or lipoid phase, the other in the aqueous phase, and thus 294 TE JOIJRNAL OF INVESTIGATIVE DERMATOLOGY "ties" the two ordinarily immiscible phases together. Since only the surfaces of the two phases are involved, and since surface-active materials always concentrate at the interfacial surface, comparatively small amounts on the order of 0.1 to 1.0% are often sufficient.
The hydrophilic portion may be either ionic or nonionic. The ionic group is usually in the form of a salt, wherein either the acid (anionic) or base (cationic) part of a salt, is attached to the lipophilic group. Such ions include -C00 (carboxylate), -0S020 (sulfate), -S020 (sulfonate), and {-N(CII8)3]+ (quaternary ammonium). The nonionic residues are either polyhydroxylic
The hydrophobic, or lipophilic portion is hydrocarbon in character, and may be either the long straight aliphatic carbon chain found in the natural fats, the straight, branched, or cyclic saturated hydrocarbons of petroleum, or aromatic hydrocarbons (benzene, naphthalene) containing alkyl side chains (3).
The common soaps have the hydrophilic carboxylate ion-usually as sodium or potassium salt-at the end of a long lipophilic hydrocarbon chain.
CH3 (CH2)joCOONa = sodium laurate-a good foaming agent CIT3 (CH2) 7CH =CII (CIT2)7. COONa = sodium oleate-a good emulsifier CIT3 (CH2)16COONa = sodium stearate-a good hot water detergent
The soaps are insoluble in acid solution, arid are likewise precipitated by the calcium ion of hard water, or the magnesium in sea water.
The fatty alcohol sulfates have a terminal -OSO2ONa instead of -COONa of a soap. The sulfate group is more hydrophilic than the carboxylate.
CHa(C112)20CH2OSO2ONa = sodium lauryl sulfate-a good hard-water detergent Since their calcium and magnesium salts are readily water soluble, these longchain alkyl sulfates can be used in hard water or sea water. The allyl sulfates are hydrolyzed by boiling dilute acids.
More stable are the sulfonates of alkylated bertzene or naphthalene, where the sulfonic group is attached by a stable C-S linkage to the aromatic nucleus.
Alkyl ' >S020_Na+
= alkyl aryl sulfonate-wetting agent, detergent.
CH3(CH2)
= cetyl pyridinium chloride-an acid stable, "cationic soap"
NCI-
In the preceding types, the hydrophilic group has been at one end of the molecule. It is likewise possible to put the hydrophilic group in the middle of a hydrophobe chain-or between two similar lipophile groups. Treatment of fatty oils with sulfuric acid gives a mixture of mid-chain sulfate and sulfonate, SURFACE ACTIVE AGENTS 295 the so-called turkey red oils, which were the first synthetic, acid-stable surface active agents, used in dyeing.
An ester sulfonate is exemplified by: C113(d112)6d11200C CIT2 -CH COOCH2(CH2)6CH3 = dioctyl ester of sodium sulfosuccjnic acid SO2 ONa This is one of the most effective wetting agents. Shorter-chain homologs such as the diamyl and dibutyl esters are likewise used.
It is evident that, by using one or more hydrocarbon chains of different lengths, the balance between hydrophile and hydrophobe character can be shifted, and the compound as a whole can be rendered oil-soluble or water- By ringing the changes on the industrially available hydrocarbons, fatty acids, alcohols, nitrogen bases, and inorganic oxyacids, a large number of useful products may be and have been elaborated. Beeler (6), Cupples (7), and Van Antwerpen (8) have prepared lists containing nearly 300 commercial products. Adam (9), Snell (10), Fischer (12) and others have discussed their chemical types and structures (when revealed) in detail. The following list contains only a few of the better known products.
The so-called nonionic agents in Group D are not as widely known as those of Groups A, B, and C. Strictly speaking, the hydroxyls of types 1 and 2 in Group D could be considered as very weak acids, and the ether oxygens of Types 3, 4 and 5 as oxonium or cationic residues, but, in comparison with the typical strongly ionic members of Groups A, B & C they may be looked upon as non- Types 1 and 2, as partial fatty acid esters of polyhydric alcohols, are closely related chemically to the natural fats. These surface active compounds are still oil-soluble, since the hydroxyl groups are not numerous enough to impart water Many of these products have been used repeatedly and for long periods as soap substitutes and as ingredients in dermatologic ointments (1, 15, 23) . Some have been used in foods and medicinal syrups. However, it is always wise to consider the available background data when approaching new applications.
Ointment Formulations
Emulsified ointment bases, whether of the 0/W or W/O type have several advantages for topical applications. Keratolytic effects occur more rapidly, the zone of inhibition of bactericidal agents increases; the ointments spread more readily; medicaments are liberated more rapidly from grease bases; and insolubility problems can frequently be overcome.
Until relatively recently most standard ointments have been prepared by mixing medicaments with simple oils, hydrous wool fat, lard or petrolatum. If the substance to be added is a powder or a material insoluble in the ointment base, it requires careful technique to insure even distribution of the medicament throughout the base.
The literature of the past few years has many reports on the work of the various investigators on the formulation, and on the clinical value of new forms of ointments that contain water. These emulsion-type ointments allow the medicament to be dissolved or dispersed in either the oil or water phase (11, 12, 13, 14) . Thus a more uniform distribution of the active ingredient is assured, while difficulties of incorporation are greatly decreased.
By using the proper emulsifier, either water-in-oil (W/O) or oil-in-water (0/W) type emulsions can be produced. The following formulas will serve to illustrate both types of emulsions (15) . They all have shown good stability in the presence of a number of typical medicaments, such as zinc oxide, salicylic acid, boric acid and calomel. It should cling to the skin, possess a certain amount of stickiness and spread rather easily. No one base is the best for all antiseptic drugs. Ability to penetrate the epiderm is sometimes desirable, but is not necessarily an indication of superiority. For endermic absorption each drug offers a separate problem. Many investigators have therefore recommended bases that differ widely in the effects obtained. The so-called "penetrasols" of Hermann, Sulzberger and Baer (22) are a new type of compounded vehicle, designed to increase percutaneous absorption by combining the properties of fat or lipoid s€dubility, water solubility, surfacewetting action, and solvent power. An example is a mixture of xylene or derivative thereof, a "synthetic wetting agent," and propylene glycol. These are marketed under the name "Intraderni". Experiments have been reported which demonstrated that these compositions accelerate the penetration of a great variety of substances through grossly intact human and animal skins (sulfonamides, heavy metals, so-called protein allergens, etc.).
Washable ointment bases (i.e., 0/W type emulsions) are favored by many workers because they can be easily washed from the skin with water, little or SURFACE ACTIVE AGENTS 301 no friction being required. However, the W/O type emulsion ointment, in which the water phase is surrounded by non-volatile oily materials, does not dry out as rapidly, possesses enhanced emollient properties and is often less irritating. Both types appear to have many advantages over non-emulsion ointments.
The type of base is important when using bacteriostatic medicaments (e.g. the sulfonamides) incorporated in a bland grease base. To obtain appreciable diffusion of sulfathiazole, for example, from a petrolatum base, it is necessary to add some type of surface active agents to the ointment base. This has been shown by the work of Pillsbury and his co-workers (18, 19) Formula No. 15 is the oil-in-water type emulsion base used by Pillsbury et al. (18, 19) , while Formula No. 16 is the water-in-oil type base developed by Jenkins et al. (21) . Both bases can be readily prepared, requiring no special techniques.
Protective Ointments "The keynote of the prevention of occupational dermatitis is to keep contact of irritants with the skin at a minimum." Since all protective ointments should be easily applied and easily removable after use, the need for surface active agents is evident. Schwartz (23) has published an excellent article on this subject, listing formulas, types and suppliers of both ointments and surface active agents that were widely available before the war. In choosing the detergents to be used, lack of skin irritating properties is obviously more important than ability to produce copious foam. Fairly high oil solubility is also generally necessary, in order to avoid the use of much mechanical pressure and friction in application to sensitive skin. Rosenberg (24) relied on the use of a penetrant detergent as a carrier for other more powerful detergents. Jenkins and his associates (21) have suggested using 5% Tween 80 in a physiological saline solution for use on burned surfaces. The use of green soap and water is of course well known, but the use of synthetic detergents as soap substitutes and as ingredients in dermatologic ointments has certain distinct advantages and is increasing rapidly. This was apparently developed especially for soap-sensitive workers. However, it should be noted that skins may be allergic not only to soaps but to various surface active agents other than soaps.
Miscellaneous Applications
Surface active agents are often used to solubilize water insoluble materials, -such as the oil soluble vitamins. They are used to promote lotion stability. They permit extremely high dilutions of highly active, as well as of highly toxic, substances, promoting even dispersion over a wide area.
Examples: 1) the oil-soluble and water-soluble vitamins can be simultaneously administered in an aqueous vehicle.
2) The appearance and evenness of spreading of calamine lotions can be improved.
3) Preparations containing DDT (or other insecticides or insect repellents) can be diluted with water for washing or spraying in delousing humans or destroying mosquitoes or protecting objects, fabrics and persons. 4) Surface active agents are used in softening of leather, in the laundry industry, in almost all methods of textile treatment, in paints, disinfectants, adhesives and in the cosmetic and food industries. The applications are almost limitless (25, 26, 27, 28, 29, 30 ).
III. POSSIBLE FUTURE TRENDS
No radically new chemical types of surface active agents have appeared in the last decade. Although chemical innovation is by no means improbable, it is more likely that the main lines of development in surface active substances will be in the direction of a better understanding of the underlying theor,,r of their behavior, a large increase in knowledge of specific applications, the discovery of synergistic combinations of medicaments and surface active adjuvants, and a more complete picture of their physiological action. Although many of the most useful products are complex mixtures, much of the systematic research will probably be done on pure chemical compounds.
